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1. Field of the Invention 

The present invention relates to an active noise control 
system for reducing noise generated in a duct for a fluid, 

2. Description of the Related Art 

Together with the increased density of today »s residential 
and labor environments, cases in which noise sources such as air 
conditioning equipment and office equipment and residential 
spaces are in proximity to each other have increased. Up to the 
present, the muffling or the cut off of noise has been 
effectuated by making the distance between noise sources and 
people great. In addition, noise has been attenuated by 
installing a sound absorbing material. In such environments, 
however, it has been difficult to carry out above described 
measures . 

Since noise in residential spaces is increased in the above 
manner, an amelioration of this situation is required. In 
addition, office equipment is provided with cooling fans and 
ducts for exhaust or for induction in order to cool down the heat 



emitting parts in the equipment. In this case, exhaust noise or 
induction noise for cooling is often annoying. 

As for a general measure in order to reduce noise generated 
in a duct, there is a method for carrying out noise absorption 
processing by attaching a noise absorbing material on the inside 
wall of the duct. In addition, there is a method of reducing 
noise propagating through a duct by attaching a sound reducing 
muffler or a sound reducing chamber to an apparatus which emits a 
large amount of exhaust, such as an engine. There is a problem, 
however, that a large volume duct is required for reducing noise 
of a frequency of 1 kHz or less by means of these methods. 

On the other hand, as for a method of reducing noise having 
low frequency bands without increasing the length or the volume 
of a duct, there is the proposal of introducing active noise 
control applied to an air conditioning duct. For example, there 
is the method as disclosed in Japanese unexamined patent 
publication S'61-296392 (1986) or Japanese unexamined patent 
publication S62-1156 (1987) . According to this method, a duct 1 
is provided where a fluid A flows in the direction of Z and a 
noise B is propagated in the same direction as shown in Fig. 1. 
A noise detection microphone 2 is attached upstream in this duct 
1 while a control sound source 4 and an error detection 
microphone 3 are attached downstream in this duct 1. Then, based 



on a reference signal from the noise detection microphone 2 and a 
residual signal from the error detection microphone 3, a control 
signal is generated by using an active noise control algorithm 
and a control sound is emitted from the control sound source 4 so 
5 that the residual signal becomes smaller. 

In order to obtain a sufficient noise reduction effect by 
carrying out active noise control as described above, however, it 
is necessary that a sufficient coherence exists between the 
reference signal of the noise detection microphone 2 and the 
'^0 residual signal of the error detection microphone 3. 

m 

In addition, there is a method disclosed in Japanese 
'IJ unexamined patent publication S62-206212 (1987) . According to 
J this method, as shown in Fig. 2, a duct 5 is provided where a 

fluid A flows in the direction of Z and a noise B is propagated 
15 in the same direction. A first detection microphone 6 is 
attached upstream in this duct 5 while a second detection 
microphone 7 is attached at a distance b from the position of the 
first detection microphone 6, which is at a position downstream. 
A control sound source 8 is attached at a distance L (L > b) from 
2 0 the position of the first detection microphone 6, which is at a 
position downstream and which is outside of the duct 5. Then a 
signal from the first detection microphone 6 and a signal gained 
by carrying out delay processing on the second detection 
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microphone 7 are synthesized so as to generate a control signal. 
Then, this control signal is given to a control sound source 8 
and a control sound of which the phase is opposite to that of the 
noise is emitted and, whereby, noise control is carried out such 
that no howling is caused and that is in accordance with the 
propagation speed of the noise. In this method, it is also 
necessary that a sufficient coherence exists between the signal 
from the first detection microphone 6 and the signal from the 
second detection microphone 7. 

Fig. 3 is a characteristics graph showing the relationship 
between the coherence y between the noise detection microphone 
and the error detection microphone and an estimated reduction 
effect R which corresponds to the maximum noise amount reduced by 
active noise control. In the case that the coherence is 0.8 or 
more, the maximum noise reduction amount increase greatly. In 
order to obtain the sufficient noise reduction effect by means of 
active noise control as shown in Fig. 3, a high value of 
coherence is necessary. Due to the generation of disturbance, 
swirl or rotating flow within the duct, however, the coherence 
value between the two points is lowered. That is to say, the 
noise detection microphone and the error detection microphone 
detect not only a pressure fluctuation due to noise but also 
detect a pressure fluctuation due to disturbance, swirl, rotating 



flow or the like, so that the coherence value between the two 
microphones is lowered. 

As for a method of solving this problem, a method of 
improving the coherence by rectifying the flow of fluid in a duct 
is proposed in Japanese unexamined patent piiblication H5-188976 
(1993) . For example, as shown in Fig. 4, a duct 9 is provided 
for expelling or for sending fluid A in the direction of Z. An 
air blower is provided upstream in this duct 9 and the case where 
this air blower functions as a noise source 10 is considered in 
the following. The fan of this air blower rotates, so that the 
fluid A and noise B flow in the direction of Z. 

A noise detection microphone 11 is attached midstream within 
the duct 9 in the same manner as in the above described examples 
and a control sound source 12 and an error detection microphone 
13 are attached, in this order, downstream within the duct 9. 
Then, an arithmetic circuit 14 is provided for generating a 
control signal based on a reference signal from the noise 
detection microphone 11 and a residual signal from the error 
detection microphone 13. In addition, a rectifying member 15A 
having a net form or a rectifying member 15B having a honeycomb 
form is inserted in the area downstream from the noise source 10 
which is the area upstream to the noise detection microphone 11. 
Thus, air disturbance factors caused by the fan of the air blower 



are rectified in flow by rectifying member 15A or 15B. Thus, the 
coherence is improved between the different positions of the 
microphones downstream from the rectifying member. 

In addition, there is a method disclosed in Japanese 
5 unexamined patent publication H9-89356 (1997) . As shown in Fig. 
5, a duct 16 in which fluid A and noise B are propagated in the 
direction of Z is provided. A noise detection microphone 17, a 
y control sound source 18, an error detection microphone 19 and an 

im. 

arithmetic circuit 20 are provided in the same manner as m Fig. 
'^0 4 and a metal net 21 is inserted in the area iipstream to the 

^' noise detection microphone 17. The disturbance speed of the 

U- 

|y fluid A is attenuated by this metal net 21, so that an 

13 improvement in coherence is achieved. 

\h 

In addition, in the case that the structure of the duct is 
15 complicated, there is a method of reducing noise of the fluid 
without using active noise control as described above by 
modifying the inside of the duct. As an example of this, the 
methods disclosed in Japanese unexamined patent publication HIO- 
39877 (1998) and Japanese unexamined patent publication HlO-39878 
20 (1998) are shown in Fig. 6. Here, the case is considered: the 
bent portions of the duct 21 are formed of curved face walls 22a 
and 22b, so that the space surrounded by the curved face walls 
22a and 22b is used as an air duct. In such a case, a rectifying 
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plate 23 approximately parallel to the curved face walls is 
provided in the central part of the air duct. In addition, sound 
absorbing material is attached to the curved face walls 22a and 
22b and to the surface of the rectifying plate 23. In such a 
structure, the disturbance factors or swirl factors of the air 
within the duct 21 are rectified when the air is expelled or 
transferred by an air blower 24. In this case, it is considered 
that the duct 21 itself has a rectifying part. 

In active noise control systems provided for a duct in 
jo structures as described above, however, there are problem points 
as follows. That is to say, it is necessary in a variety of 
apparatuses that are equipped with active noise control systems, 
to further miniaturize air cooling ducts in order to achieve 
miniaturization of the apparatuses. In addition, there are cases 
15 where a plurality of heat emitting sources are provided in the 
apparatuses or air for cooling is supplied from a plurality of 
positions to the heat emitting sources. In these cases, it 
occurs necessity to bend the ducts, and to provide a plurality of 
ducts so as to merge them or to branch the ducts. In such cases, 
the forms of the ducts become complicated in comparison with the 
cases shown in Figs . 1 to 5 . 

That is to say, in the case of ducts having a simple 
structure, air utilized for air conditioning can be rectified 
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according to the above-described conventional measures and active 
noise control can be carried out by utilizing the coherence 
between the noise detection microphone and the error detection 
microphone, thereby obtaining the noise reduction effect. In the 
5 case that of ducts having complicated forms, however, sufficient 
active noise control cannot be carried out according to the above 
described conventional measures. 

S SUMMARY OF THE INVENTION 

m 

.J? 

A purpose of the present invention is to implement an active 
•J noise control system for obtaining a sufficient noise reduction 

n effect, even in an apparatus having ducts that expel or absorb 

•J I 

fluid in complicated forms, without increasing the size of the 

15 apparatus having the noise source. 

An active noise control system according to the present 
invention is provided with a noise detector for detecting noise 
in a duct where a fluid flows and an error detector provided in a 
downstream side of the noise to detect an error sound. In 

2 0 addition, a control sound source is installed in the vicinity of 
the error detector and a control sound having approximately the 
same sound pressure as of and an opposite phase to the noise 
within the duct is radiated. At this time, a noise signal of the 
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noise detector and an error signal of the error detector are 
inputted to an arithmetic circuit and a transfer function is set 
so that the error signal becomes small. Furthermore, a fluid 
within the duct is rectified or made into a laminar flow by 
5 providing a rectifying part in the upstream side of the fluid 
that flows within the duct. The rectifying part is composed of 
several kinds of rectifying members. The arithmetic circuit 
la multiplies the noise signal with the transfer function so as to 
f3 output the multiplication result to the control sound source as a 
ii[o control signal. When such a control is carried out, even in the 
case the form of the duct is complicated and compact, the 

4 

|| coherence becomes high between the noise signal detected by the 
ill noise detector and the noise signal detected by the error 
¥ detector, so that a control sound having an opposite phase to the 
15 noise can be precisely generated. 

In addition, the active noise control system of the present 
invention is provided with a plurality of noise detectors and a 
plurality of error detectors and is constituted so that noise 
signals are added by using a first adder while error signals are 
20 added by using a second adder. When such added signals are given 
to the arithmetic circuit, the influence of the pressure 
fluctuation of the fluid can be further reduced so as to obtain a 
better noise reduction effect. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



Fig. 1 is a configuration diagram of an active noise control 
system carrying out electronic sound-muffling according to a 
prior art; 

Fig- 2 is a configuration view showing the main part of an 
active silencer according to a prior art; 

Fig. 3 is a characteristics graph showing the relationship 
between the coherence and the maximum reduction amount with 
respect to the coherence between the noise signal and the error 
signal ; 

Fig. 4 is a configuration diagram of an active noise control 
system according to a prior art; 

Fig. 5 is a configuration diagram of an active noise 
reduction system according to a prior art; 

Fig. 6 is a configuration diagram of a noise reduction 
system according to a prior art that is used in an enveloping 
type engine; 

Fig. 7 is a configuration diagram of an active noise control 
system according to first embodiment of the present invention; 

Fig. 8 is a frequency characteristics graph of the coherence 
between the noise signal and the error signal in a duct in the 
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case where no rectifying measure is carried out; 

Fig. 9 is a frequency characteristics graph of the coherence 
between the noise signal and the error signal in a duct in the 
case where a rectifying measure (part 1) is carried out; 

Fig. 10 is a frequency characteristics graph of the 
coherence between the noise signal and the error signal in a duct 
in the case where a rectifying measure (part 2) is carried out; 

Fig. 11 is a characteristics graph of the sound pressure 
frequency of an error signal in the condition as in Fig. 8; 

Fig. 12 is a characteristics graph of the sound pressure 
frequency of an error signal in the condition as in Fig. 9; 

Fig. 13 is a characteristics graph of the sound pressure 
frequency of an error signal in the condition as in Fig. 10; 

Fig. 14 is a configuration diagram of the active noise 
control system of first embodiment on the premise of the case 
where the progressing direction of the fluid and the propagating 
direction of the noise are different; 

Fig. 15 is a configuration diagram of an active noise 
control system according to second embodiment (part 1) of the 
present invention; 

Fig. 16 is a configuration diagram of an active noise 
control system according to second embodiment (part 2) of the 
present invent ion ; 



Fig. 17 is a characteristics graph of a coherence frequency 
(part 1) between the output signals of the first adder and the 
second adder in the active noise control system shown in Fig. 15; 

Fig. 18 is a characteristics graph of a coherence frequency 
(part 2) between the output signals of the first adder and the 
second adder in the active noise control system shown in Fig. 15; 

Fig. 19 is a characteristics graph of a coherence frequency 
(part 3) between the output signals of the first adder and the 
second adder in the active noise control system shown in Fig. 15; 

Fig. 20 is a characteristics graph of a coherence frequency 
(part 4) between the output signals of the first adder and the 
second adder in the active noise control system shown in Fig. 15; 

Fig. 21 is a characteristics graph of a coherence frequency 
(part 5) between the output signals of the first adder and the 
second adder in the active noise control system shown in Fig. 15 

Fig. 22 is a configuration diagram of the active noise 
control system of second embodiment (part 1) on the premise of 
the case where the progressing direction of the fluid and the 
propagating direction of the noise are different; and 

Fig. 23 is a configuration diagram of the active noise 
control system of second embodiment (part 2) on the premise of 
the case where the progressing direction of the fluid and the 
propagating direction of the noise are different. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



An active noise control system according to ettibodiments of 
the present invention will be described in detail with reference 
to the drawings . 

(First Embodiment) 

The configuration of an active noise control system 
according to first embodiment of the present invention is 
described with reference to Fig. 7. A duct 30 is a duct for 
conveying (sending) a fluid A to the outside of the system. This 
duct 30 is different from a straight duct as shown in Figs. 1, 2, 
4 and 5 and a part of the duct having a complicated fluid path is 
shown and only a straight portion that allows the fluid A to flow 
in the direction of Z is represented. The duct of the present 
embodiment may, of course, be a duct of a structure such as in 
the prior arts. A noise B is propagated together with the fluid 
A in the direction of Z from the upstream of the duct 30. In the 
following description, the part shown in the figure is referred 
to as a duct 3 0 . 

The fluid A is air for air conditioning or for cooling and 
is supplied by a fan of a air blower which is not shown. Due to 
the rotation of this fan, rotational factors, disturbance 
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factors, swirl factors and the like are added to the fluid A. 
Several kinds of rectifying members, such as a rectifying grid 
32, a first rectifying net 33 and a second rectifying net 34 are 
attached upstream in this duct 3 0 to serve as a rectifying part 
31. The rectifying grid 32, in which a number of small holes or 
capillaries having a form of a honeycomb shape, a circular shape 
or a rectangular shape in cross section are provided in the axial 
direction of the duct 30 (Z axis direction) , has a function of 
adjusting the velocity vector of the fluid in the direction of 
the Z axis. In the present embodiment, a honeycomb material, of 
which the cell size is 3/16 inches, the opening ratio is 96% and 
the grid length is 100 mm, is used as an example of the 
rectifying grid. 

The first rectifying net 33 and the second rectifying net 34 
are nets having a predetermined opening ratio. As for rectifying 
nets, for example, nets having a wire diameter of 0.508 mm, the 
number of interstices of lO/inch and the opening ratio of 64% is 
used in the present embodiment. The rectifying nets have a 
function of making the velocity of the fluid A uniform in a 
perpendicular plane of the duct 30 by causing a pressure loss in 
the fluid A. Here, though nets of the same opening ratio are 
utilized for the first rectifying net 33 and for the second 
rectifying net 34, nets of differing opening ratios may be 
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utilized. The smaller the opening ratio is, the greater the 
pressure loss in the fluid becomes . 

Next, a noise detection microphone 35 is attached, as a 
noise detector, at a location upstream in the duct 30, which is a 
5 location immediately downstream of the second rectifying net 34. 
In addition, a control sound source 37 is attached downstream of 
the duct 3 0 and an error detection microphone 36 is attached in 
0 the vicinity thereof as an error detector. Then, an arithmetic 

'0 circuit 38 is provided so as to generate a control signal based 

\\ 

Wo on a reference signal from the noise detection microphone 35 and 
on a residual signal from the error detection microphone 36. 

The arithmetic circuit 38 generates a control signal by 
using an active noise control algorithm so that the residual 
signal becomes small at the error detection microphone 36. The 
15 control sound source 37 is a speaker that converts the control 

signal of the arithmetic circuit 38 into a control sound and that 
radiates the control sound downstream of the duct 30. 

The operation of the active noise control system configured 
in this manner is described below. When the air blower which is 
2 0 not shown operates, noise is generated by the rotation of fan 

itself and parts within the system generate a wind blowing noise 
while air is being sent. Such noise is propagated to the exhaust 
side of the downstream through the duct 30. The control sound 
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from the control sound source 37 is made to have an effect on the 
noise within the duct 30 so that the error noise thereof is 
detected by the error detection microphone 36 and an error signal 
is outputted to the arithmetic circuit 38. At the same time, 
the noise detection microphone 35 detects the noise within the 
duct 3 0 so as to output a noise signal to the arithmetic circuit 
38. The arithmetic circuit 38 uses an LMS (least mean square) 
algorithm or the like so as to generate a control signal which is 
outputted to the control sound source 37, that allows the error 
signal which is correlated with the noise signal, to be small at 
all times. 

A transfer function from the noise detection microphone 35 
to the error detection microphone 36 via the duct 3 0 is assumed 
to be G while a transfer function from the control sound source 
37 to the error detection microphone 36 is assumed to be C. When 
the arithmetic circuit 38 operates so as to set the transfer 
function thereof at -G/C, the output of the error detection 
microphone 3 6 approaches zero. When the noise in the noise 
detection microphone 35 is N, the noise in the error detection 
microphone 36 becomes N-G. The control sound generated by the 
control sound source 37 becomes as follows at the error detection 
microphone 36 part: 

N- (-G/C) -C = -N-G. 



The noise N-G and the control sound (-N-G) interfere with 
each other at the error detection microphone 36 part so as to 
become as follows: 

N-G + (-N-G) = 0. 

Accordingly, the noise level is lowered in the vicinity 
where the error detection microphone 36 is installed due to 
interference from noise and the control sound. 

On the other hand, in the case that an error signal BN that 
is not correlated to the noise signal exists, the noise at the 
noise detection microphone 35 becomes as follows: 

N-G + BN. 

The arithmetic circuit 38 cannot generate a control signal 
that makes smaller an error signal that is not correlated to the 
noise signal. Accordingly, residual noise at the error detection 
microphone 36 becomes as follows: 

N-G + BN + (-N-G) = BN. 

Correlations between a noise signal and an error signal can, 
in general, be digitized. As shown in Fig. 3, it is understood 
that the noise reduction effect becomes greater by allowing the 
correlation, that is to say the coherence y, to have a large 
value. The cause of the lowering of the coherence between the 
noise signal of the noise detection microphone 35 and the error 
signal of the error detection microphone 36 in the noise within 



the duct 30 is due to the pressure fluctuation caused by 
disturbance, swirl, rotating flow or the like of the fluid. 
Accordingly, the coherence can be increased by rectifying the 
fluid. 

Fig. 8 shows, along the axis of frequency, the coherence 
between the noise signal of the noise detection microphone 35 and 
the error signal of the error detection microphone 36 in the case 
that a rectifying grid or a rectifying net, which is a rectifying 
part, is not used. Fig. 9 shows, along the axis of frequency, 
the coherence in the case that a rectifying grid 32 (honeycomb 
material of which the opening ratio is 96% and of which the grid 
length is 40 mm) and one unit of rectifying net (opening ratio of 
60%) are used as a rectifying part. Fig. 10 shows the coherence 
in the case that a rectifying grid 32, which is a rectifying 
part, and a first rectifying net 33 as well as a second 
rectifying net 34 (both having an opening ratio of 72%) . These 
rectifying nets 33 and 34 are selected so as to have a pressure 
loss that is equal to that of the one unit of the rectifying net 
used in the experiment of Fig. 9. All of the above figures are 
results in the case of airflow of an average velocity of 6 m/s 
within a duct, which is a rectangular duct with internal 
dimensions of 100 ram x 100 mm. 

In the case that a rectifying part is not used, as shown in 
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Fig. 8, the coherence is lowered in the frequency band of 300 Hz 
or less, while in the case that a rectifying grid and one unit of 
rectifying net are used, as shown in Fig. 9, the coherence is 
improved in the range of from 100 Hz to 300 Hz. This is because 
the disturbance factors, the swirl factors and the rotating flow 
factors are lowered in the fluid A by carrying out the 
rectification within the duct by means of the rectifying grid and 
the rectifying net. That is to say, the correlations between the 
amplitude of each of the frequency factors of the sound wave in 
the vicinity of the noise detection microphone 35 and that of the 
error detection microphone 36 as well as between the phase of 
each of the frequency factors of the sound wave in the vicinity 
of microphone 35 and that of microphone 3 6 are shown to have 
become stronger. 

In addition, as shown in Fig. 10, when the rectifying grid 
32 and the first rectifying net 33 as well as the second 
rectifying net 34, which make up a rectifying part 31, are used, 
the coherence in the range of from 100 Hz to 300 Hz is further 
improved in a duct having a complicated form in comparison with 
the active noise control system of Fig. 4, which only one of the 
rectifying members is used. 

Fig. 11 shows the sound pressure and frequency 
characteristics in the case that the rectifying part 31 is not 
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used. Fig. 12 shows the sound pressure and frequency 
characteristics in the case that a rectifying grid and one unit 
of rectifying net are used as a rectifying part. Fig. 13 shows 
the sound pressure characteristics in the case where a rectifying 
5 grid 32 and a first rectifying net 33 as well as a second 
rectifying net 34 are used as a rectifying part 31. 

In the case that no rectifying part is used, as shown in 
Fig. 11, and in the case that rectification is carried out within 

13 the duct by means of a rectifying grid and one unit of rectifying 

)f 

II 0 net, it is can be seen that sound pressure of noise of 300 Hz or 

H 

less is lowered. Furthermore, in the case of Fig. 13 wherein the 
;C rectifying grid 32 and the first rectifying net 33 as well as the 
second rectifying net 34, which make up the rectifying part 31, 

II 

U. are used, it can be seen that sound pressure of 3 00 Hz or less is 
15 further lowered to be made lower than the results shown in Figs. 
11 and 12. This reduction amount is considered to mean that the 
pressure fluctuation factors caused by disturbance, swirl, 
rotating flow and the like are suppressed and the coherence is 
further improved. Thus, it can be seen that the rectification is 
2 0 further promoted in the duct that has a complicated form by 

providing the rectifying grid 32 and the first rectifying net 33 
as well as the second rectifying net 34 to a portion downstream 
in the duct . 
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Here, though in the present embodiment a member of which the 
cross section has a honeycomb form is used as the rectifying grid 
32, a member of which the cross section has a circular shape, a 
rectangular shape, or other shapes, may be used as described 
5 above. In addition, as for the first rectifying net 33 and the 
second rectifying net 34, other types of nets are used in the 
present embodiment may be used, which may be selected based on a 
II well known evaluation standard for rectifying a fluid. In 

© addition, though nets of the same opening ratio are utilized as 

H 

;^10 the first and second rectifying nets 33 and 34 in the present 
'^^ embodiment, nets of differing opening ratios may be utilized, 
j^.i Furthermore, though a case where the direction in which the 

;t:f.r fluid progresses and the direction in which the noise B is 
U propagated are the same as indicated by the arrow in Fig. 7 is 
15 shown in the present embodiment, there may be a case where the 
direction in which the fluid A progresses and the direction in 
which the noise B is propagated are opposite to each other. For 
example, as shown in Fig. 14, when the direction of the axis of 
the duct 30 is the Z axis, the fluid A flows in the direction of 
20 +Z and in the case that an absorbing fan is provided on the 

exhaust side, the noise B is propagated in the direction of -Z, 
as shown in the figure. 

In the case that the user of an apparatus that has such a 
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20 



cooling unit is positioned on the left side in Fig, 14, it is 
necessary for the noise to be reduced on the user side. In such 
a case, when the rectifying grid 32, the first rectifying net 33 
and the second rectifying net 34, which make up the rectifying 
part 31, are provided on the left side of the duct 30, the error 
detection microphone 36, the control sound source 37 and the 
noise detection microphone 35 are attached so as to be arranged 
in this order starting from the vicinity of the second rectifying 
net 34 to the direction of +Z. Then the arithmetic circuit 38 is 
provided so as to generate a control signal based on a reference 
signal from the noise detection microphone 35 and a residual 
signal from the error detection microphone 36. 

As described above as shown in the present embodiment, even 
in the case that a duct has a complicated structure, a fluid 
within the duct can be rectified by using both the rectifying 
grid and the two rectifying nets as a rectifying part of the 
duct. As a result, the correlation between the noise signal of 
the noise detection microphone and the error signal of the error 
detection microphone is enhanced so that an active noise control 
system that has an excellent noise reduction effect can be 
implemented. 

(Second Embodiment) 

Next, an active noise control system according to the second 
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embodiment of the present invention is described in detail in 
reference to Figs. 15 to 21. A configuration diagram of the 
entirety of the active noise control system according to the 
present second embodiment is shown in Figs. 15 and 16. The 
5 coherence between the noise signal of the noise detection 

microphone and the error signal of the error detection microphone 
gained by the active noise control system of the present 

>^ 

embodiment is shown in Figs. 17 to 21. 

As shown by the arrow in Fig. 15, a fluid A flows in the 
'!l|o direction of Z and a noise B is also propagated in the direction 

of Z. A plurality of noise detection microphones 45a, 45b ... 
\\ 45n is attached to a duct 40 and a control sound source 47 and 
\.\ error detection microphones 46a, 46b . . . 46h are attached to this 
'-^^ duct 40 downstream from the plurality of noise detection 
15 microphones. The number of noise detection microphones and the 
number of error detection microphones may be the same or may 
differ. The greatest distance among the distances between noise 
detection microphones 45a to 45n along the direction in which the 
sound is propagated within the duct is denoted as Dl . The 
20 greatest distance among the distances between error detection 

microphones 46a to 46h along the direction in which the sound is 
propagated within the duct is denoted as D2 . 

Then, a first adder 49 is provided for adding reference 
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signals of the noise detection microphones 45a, 45b, . . . 45n. In 
addition, a second adder 50 is provided for adding residual 
signals of the error detection microphones 46a, 46b . . . 46h. An 
arithmetic circuit 48 is provided for generating a control signal 
5 based on the output of the first adder 4 9 and on the output of 
the second adder 50. That is to say, the arithmetic circuit 48 
generates a control signal so that the output of the second adder 

II 50 becomes small by using an active noise control algorithm. A 
control sound source 47 is a speaker that converts the control 

H 

J-IO signal of the arithmetic circuit 48 into a control sound and that 
radiates the control sound in the downstream area of the duct 40. 

III The operation of the active noise control system formed in 

M. 

© such a manner is described below. The noise detection 

i 

¥ microphones 45a to 45n respectively detect noise from a plurality 
15 of points in the upstream area within the duct 40 and give 

respective noise signals to the first adder 49. The first adder 
49 adds up n output signals of the noise detection microphones 
and the result is outputted to the arithmetic circuit 48. In 
addition, the error detection microphones 46a, 46b . . . 46h 
20 respectively detect residual signals at a plurality of points in 
the downstream area within the duct 40 so that respective 
residual signals are given to the second adder 50. The second 
adder 50 adds up h residual signals of error detection 
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microphones and the result is outputted to the arithmetic circuit 
48. 

The arithmetic circuit 48 generates a control signal that 
allows the error signal, which has an correlation with the noise 
5 signal, to become small at all times by means of an LMS (least 
mean square) algorithm or the like, and the control signal is 
outputted to a control sound source 47. A transfer function 

Q between the adder 49 and the adder 50, that is to say an 

II 

equivalent transfer function from the noise detection microphones 
45a to 55n to the error detection microphones 46a to 46h via the 
duct 40 is denoted as G. In addition, a transfer function from 
the control sound source 47 to the second adder 50, that is to 
^ say an equivalent transfer function from the control sound source 
I* 47 to the error detection microphones 46a, 46b . . . 46h is denoted 
15 as C. When the output value of the second adder 50 approaches 
zero through the operation of the arithmetic circuit 48, the 
transfer function of the arithmetic circuit 48 becomes -G/C. 
Accordingly, when the noise signal outputted from the first adder 
49 is denoted as N, the value within the duct 40 due to the 
20 control sound of the control sound source 47 becomes as follows: 
N- (-G/C) -C = -N-G. 

The noise and the control sound interfere with each other in 
the region where the error detection microphones 46a to 46h are 
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arranged so as to become as follows: 
N-G + (-N-G) = 0. 

Accordingly, the noise level is reduced through the 
interference of the control sound in the region where the error 
detection microphones 46a to 46h are installed. 

On the other hand, an error signal becomes as follows in the 
case wherein an error signal BN that has no correlation with the 
noise signal exists: 

N-G + BN. 

The arithmetic circuit 48 cannot generate a control signal 
that allows the error signal, which does not have an correlation 
with the noise signal, to become small. Therefore, the result of 
the synthesis of the noise and the control sound at the points of 
the error detection microphones 46a to 46h becomes as follows: 

N-G + BN + (-N-G) = BN. 

Accordingly, the residual noise becomes BN. As for the 
noise within the duct 40, the causes that lower the coherence 
between the noise signals of the noise detection microphones 45a 
to 45n and the error signals of the error detection microphones 
46a to 46h are pressure fluctuations occurring due to disturbance 
factors, swirl factors, rotating flow factors and the like as 
described above. That is to say, the coherence lowers due to the 
existence of BN in the above equation. Since the pressure 



fluctuations due to disturbance, swirl, rotating flow and the 
like are local, pressure fluctuations do not have correlations 
with a plurality of proximate points. 

On the other hand, the noise in the frequency bands that 
5 have long wavelengths, in comparison with the dimensions of the 
duct cross section from among respective frequency components of 
the noise within the duct 40, is propagated in the direction of Z 

3 as a plane wave within the duct 40. The sound pressure and the 
phase of the noise become equal in a plane perpendicular to the 

'|o direction of the propagation of the noise in the frequency bands 

If. 

if where the noise has become a plane wave. Accordingly, in the 
ill case that the noise detection microphones 45a to 45n and the 
O error detection microphones 46a to 46h are, respectively, placed 
t* in a plane perpendicular to the direction of propagation of 
15 noise, a noise signal detected by, for example, the noise 

detection microphone 45a becomes as follows. That is to say, 
when the noise signal within the duct 40 is denoted as Nl and the 
pressure fluctuation that has occurred due to disturbance 
factors, swirl factors, rotating flow factors, and the like, of 
20 the fluid is denoted as BNl, the synthesized noise signal becomes 
as follows: 

Nl + BNl. 

The noise signal detected by the noise detection microphone 
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45n becomes as follows in the same manner as in the above. That 
is to say, when the noise signal within the duct is denoted as Nn 
and the pressure fluctuation that has occurred due to disturbance 
factors, swirl factors, rotating flow factors and the like of the 
fluid is denoted as BNn, the synthesized noise signal becomes as 
follows : 

Nn + BNn. 

The first adder 49 adds up the noise signals from the noise 
detection microphones 45a to 45n, respectively, and the result is 
outputted. The output of the first adder 49 in this case becomes 
as follows: 

(Nl + BNl) + (N2 + BN2) + + (Nn + BNn) . 

Here, the sound pressure and the phase of the noise within a 
plane perpendicular to the direction of propagation of the noise 
become equal in the frequency bands where the noise becomes a 
plane wave as described above. Therefore, in the case of Dl = D2 
= 0, the noise signals within the duct 4 0 of a plane wave become 
Nl = N2 = ... = Nn = N. Therefore, the output of the first adder 
49 becomes as follows: 

n X N + BNl + BN2 + ... + BNn. 

BNl + BN2 + ... + BNn in the above equation becomes smaller 
than the value of n x BN, because there is no correlation herein. 
Therefore, the ratio of the pressure fluctuation that has 
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occurred due to disturbance factors, swirl factors, rotating flow 
factors and the like of the fluid to the output of the first 
adder 49 is lowered by adding up the output signals of the 
plurality of noise detection microphones and, whereby the noise 
5 signals are clarified within the duct 40. 

By adding up the output signals of the plurality of error 
detection microphones 46a to 46n in the same manner as for the 
; error detection microphones, the ratio of the pressure 
I fluctuation that has occurred due to disturbance factors, swirl 

ilo factors, rotating flow factors and the like of the fluid to the 

•$ 

, output of the first adder 50 is lowered and, so that the noise 

'.i signals within the duct 4 0 become clarified. Therefore, in 

comparison with the coherence between an output signal of each of 
the noise detection microphones 45a to 45n and an output signal 

15 of each of the error detection microphones 46a to 46h, the 

coherence between the output signal of the first adder 49 and the 
output signal of the second adder 50 represents a high value. 

Fig. 17 shows the coherence between the output signal of the 
first adder 4 9 and the output signal of the second adder 50 in 

20 the case that a signal of one noise detection microphone is 
inputted to the first adder 49 while signals of four error 
detection microphones that are provided so that D2 = 0 cm are 
inputted to the second adder 50. 
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Fig. 18 shows the coherence between the output signal of the 
first adder 4 9 and the output signal of the second adder 50 in 
the case that signals of four noise detection microphones that 
are provided so that Dl = 0 cm are inputted to the first adder 49 
5 while a signal of one error detection microphone is inputted to 
the second adder 50. 

Fig. 19 shows the coherence between the output signal of the 
"I first adder 49 and the output signal of the second adder 50 in 

1 the case that signals of four noise detection microphones that 
'Ip are provided so that Dl = 0 cm are inputted to the first adder 49 

while signals of four error detection microphones that are 
provided so that D2 = 0 cm are inputted to the second adder 50. 

-| In addition, Fig. 20 shows the coherence between the output 

signal of the first adder 49 and the output signal of the second 

15 adder 50 in the case that signals of four noise detection 

microphones that are provided so that Dl = 10 cm are inputted to 
the first adder 49 while a signal of one error detection 
microphone is inputted to the second adder 10. 

All of the above are the results in the case that air with 

2 0 an average speed of 6 m/s is allowed to flow within a rectangular 

duct with internal dimensions of 100 mm x 100 mm. In respective 
cases the coherence is improved in the range of from 100 Hz to 
300 Hz in comparison with the case wherein one noise detection 
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microphone and one error detection microphone are, respectively, 
provided as shown in Fig. 8. Here, in the case that one error 
detection microphone and a plurality of noise detection 
microphones or a plurality of error detection microphones and one 
5 noise detection microphone are provided, this also improves the 
coherence between the first and second adders. 
On the other hand, the case where four noise detection 
microphones are provided such that Dl = 0 cm as shown in Fig. 18 
and the case where four noise detection microphones are provided 

i 

such that Dl = 10 cm as shown in Fig. 20 are compared in 

SSI 

coherence below. In these comparison results, the coherence 
shown in Fig. 20 indicates a value lower than that of the 

T coherence shown in Fig. 18 in the frequency bands of 800 Hz or 
more. This is because Dl = 10 cm corresponds to 1/4 of the 

15 wavelength (phase angle of 90 degrees) of 850 Hz. Then, the 
distance of Dl = 10 cm becomes of 90 degrees, or more, in the 
phase angle in the frequency bands of 850 Hz or more and, 
therefore, the phenomenon occurs where the output signals cancel 
each other in the case that output signals of a plurality of 

20 noise detection microphones are added up. 

Next, a duct 4 0 that has a rectifying part 41 as shown in 
Fig. 16 is considered. A rectifying grid 42 formed of a 
honeycomb material having a cell size of 3/16 inches, an opening 
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ratio of 96% and a grid length of 40 mm is placed in the upstream 
area of this duct 40. Then, a first rectifying net 43 and a 
second rectifying net 44, of which the opening ratios are both 
72%, are placed before and after the rectifying grid 42. 
5 Fig. 21 shows the coherence between the output signal of the 

first adder 49 and output signal of the second adder 50 in the 
case that signals of four noise detection microphones provided so 
that Dl = 0 are inputted to the first adder 49 while signals of 
four error detection microphones provided so that D2 = 0 are 
hp inputted to the second adder 50 in the active noise control 

1 system of Fig. 16. 

".r All of the above are the results of the case where air with 

^} an average velocity of 6 m/s is allowed to flow within a 

Q 

""^^ rectangular duct having internal dimensions of 100 mm x 100 mm. 

15 The coherence between the output signals of one noise detection 
microphone and one error detection microphone shown in Fig. 9 is 
denoted as yl (f ) . The coherence in the case that the rectifying 
grid and the two rectifying nets shown in Fig. 10 are utilized is 
denoted as 72 {f ) . When a signal of a noise detection microphone 

2 0 is inputted to the first adder 4 9 while signals of four error 

detection microphones provided so that D2 = 0 cm are inputted to 
the second adder 50, the coherence between the output signals of 
the first adder 49 and the second adder 50 is denoted as (f ) . 
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It is found that the coherence in the range of from 100 Hz to 300 
Hz has improved according to the characteristics shown in Fig. 21 
in comparison with the coherence yl (f ) , y2 (f ) and y3 (f ) . 

Here, though in the present embodiment a member of which 
the cross section is in a honeycomb form is used as a rectifying 
grid 42, the cross sectional form is not limited to a honeycomb 
but, rather, a member of which the cross section is in a circular 
form, a rectangular form or other forms may be used. In 
addition, as for the first rectifying net 43 and the second 
rectifying net 44, nets for rectifying a fluid based on a well 
known evaluation standard may be used. 

In addition, though in the present embodiment nets of the 
same opening ratio are used for the first rectifying net and the 
second rectifying net, nets of differing opening ratios may be 
utilized. In addition, the present embodiment focuses on the 
case wherein, as shown by the arrows of Figs. 15 and 16, the 
direction in which the fluid A progress and the direction in 
which the noise B is propagated are the same. However, by having 
the structure of Fig. 22 or 23 in the present embodiment, the 
same effects can, of course, be obtained in the case that the 
direction of propagation of a fluid and the direction of 
propagation of noise differ. Here, the components in Fig. 22 or 
Fig. 23 are the same as of the above described embodiment to 



which the same symbols are attached and the description of the 
structure thereof is omitted. 

As shown in the present embodiment, by providing a 
rectifying part, the influence of the pressure variation due to 
disturbance factors, swirl factors, rotating flow factors and the 
like within the duct can be reduced. 

In addition, as shown in Fig. 15 or Fig. 22, in the case 
ft that there is no rectifying part, disturbance factors, swirl 

'■'hi 

^ factors and rotating flow factors are propagated downstream. For 
!|o example, as shown in Fig. 15, in the case that the duct 40 is 
straight and short, the coherence between a plurality of 
installation locations of the noise detection microphones and a 
ll plurality of installation locations of the error detection 
P microphones becomes, in many cases, high. Thxs is because tne 
15 disturbance factors, swirl factors and rotating flow factors in 
the upstream area are propagated downstream without a change of 
condition thereof. In this case, the coherence is maintained 
regardless of the fact that the fluid A is not rectified. 
Therefore, a reference signal of which the S/N is high in 
reference to the frequency components that are the objects of 
noise reduction can be gained by using a plurality of noise 
detection microphones. In addition, the total sum BNl + BN2 + ... 
+ BNn of pressure fluctuations due to disturbance factors and the 
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like is set off and, in many cases, becomes zero in the 
downstream area of the duct 40 that is the position of the object 
of noise reduction. Therefore, in the case that a plurality of 
noise detection microphones and a plurality of error detection 
microphones are provided, a predetermined noise suppression 
effect is obtained without a rectifying part. 

In addition, by providing error detection microphones or 
noise detection microphones, respectively, at intervals of 1/4 of 
the wavelength or less of the frequency that is desired to be 
;|o detected, the noise within the duct can be effectively detected. 

.1';! 

T As a result, correlation between the noise signals of the noise 
detection microphones and the error signals of the error 
detection microphones is further enhanced so that an active noise 
control system that has an excellent noise reduction effect can 
15 be implemented. 

In case one noise detection microphone is used in the 
abovementioned embodiment, the output of the noise detection 
microphone can be inputted directly to the arithmetic circuit 
without the first adder. Similarly, in case one error detection 
2 0 microphone is used in the abovementioned embodiment, the output 
of the error detection microphone can be inputted directly to the 
arithmetic circuit without the second adder. 

As described above, according to the present invention, the 
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correlationship between the noise signal detected by the noise 
detector and the noise signal detected shortly before the error 
detector is enhanced so that noise control sound that has an 
excellent noise reduction effect can be produced by using the 
coherence . 

Furthermore, according to the present invention, in addition 
to above described effect, the influence of the pressure 
fluctuation of a fluid can be further reduced by using outputs of 
two adders and an excellent noise reduction effect can be 
obtained. 

Moreover, according to the present invention, by placing 
rectifying nets upstream to, and downstream from, a rectifying 
grid, respectively, relative to the fluid flowing within the 
duct, it becomes possible to rectify the fluid within the duct 
with little pressure loss. As a result, the correlation is 
enhanced between the noise signal of the noise detector and the 
noise signal detected shortly before the error detector so that 
an excellent noise reduction effect can be obtained. 
It is to be understood that although the present invention has 
been described with regard to preferred embodiments thereof, 
various other embodiments and variants may occur to those skilled 
in the art, which are within the scope and spirit of the 
invention, and such other embodiments and variants are intended 



to be covered by the following claims. 

The text of Japanese priority application no. 2000-381490 
filed on December 15, 2000 is hereby incorporated by reference. 
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